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I.  THEORETICAL 
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"If  in  a  substituted  benzoic  acid  the  two  hydrogen  atoms  next 
to  the  carboxyl  group  are  substituted  by  radicles,  the  resulting 
acid  cannot  be  esterified  by  means  of  alcohol  and  hydrochloric 
acid". 

The  above  is  a  statement  of  the  Esterif ication  Law  developed 
by  Victor  Meyer  from  results  of  attempts  which  he  and  other  ex- 
perimenters have  made  to  esterif y  di-ortho-substituted  acids  (!)• 

Since  as  a  rule  benzoic  acid  and  its  derivatives,  other  than 
the  ortho-subs tituted  products,  yield  90  per  cent  or  more  of 
the  ester  when  refluxed  3-5  hours  with  methyl  alcohol  containing 
3  per  cent  of  hydrochloric  acid,  and  since  the  silver  salts  of 
di-ortho-substituted  aromatic  acids  yield  the  ester  when  treated 
with  methyl  iodide,  Meyer  decided  that  the  di-ortho  acids  are  re- 
sistant to  esterif ication  due  to  a  blanketing  effect  of  the  sub- 
stituting groups  preventing  ready  contact  of  the  carboxyl  group 
with  the  alcohol.  This  steric  hindrance  explanation  has  been 
widely  accepted,  but  is  strongly  opposed  by  several  prominent 
men. 

Below  are  some  of  the  acids  studied  and  the  results  obtained 
by  refluxing  them  3-5  hours  with  methyl  alcohol  containing  three 
per  cent  hydrochloric  acid: 


H02 


no  ester. 


NO, 


NO, 

A* 
V 


yields 
C02H  N02 


C02H 


no  ester. 


(2), 


COoH 

A 


CI 


CI 


A 


and 


V 

ci 


Cl 


V 

ci 


31 


act  normally. 


C03H 

If 


01/  \C02H 


■01  (  \o2H 

yields 

Cl^/Cl  'OlI^Jci 

Cl 


(3). 


Meyer  explained  this  exception  to  his  rule  by  saying  that 

the  structure  of  the  aoid  is  not  the  simple  one  given  above  but 
rather 


which  would  not  act  as  a  normal  carboxylic  acid,  but  would  yield 
the  esters 


cu  Yo 


ci 


and 


v 

CI 


CI 


CI 


CI 


25or 


V 

CI 


CI 


Graebe  found  that  he  could  obtain  the  normal  ester  from  the 
silver  salt  and  methyl  iodide,  but  only  the  acid  ester  by  ordin- 
ary esterif ication  methods* 

Meyer  drew  his  conclusion  from  the  structure  advanced  for 
phthalyl  dichloride  to  explain  its  properties  which  differ  from 
those  of  other  acyl  chlorides, 
<?1 

AX 
V 

This  explanation  has  been  severely  criticised  by  Rosanoff  (4), 


C02H 
/\co2H 


yields 


V 


NO, 


C02CH3 
C02H 


C£2H 


A 

V 

N02 


C02H 


yields 


C02CH3 
C03CH3 


0 

N02 


03H       was  easily  esterified  by  the  silver  salt  method,but: 
NOg    gave  no  ester  when  heated  with  methyl  alcohol  and 
hydrochloric  acid  for  thirty  days. 


03H 
C02H 


C02CH3 

A 


yields  without  heating 


V 


C02H 


V 


C02H 
C02CH3 


but-  on  heat- 


ing it  yields  a  little  of  the  normal  ester,  probably  due  to  the 
formation  of  the  anhydride  by  heating. 

The  rule  seems  to  hold  well  for  all  diortho-substituted 
acids  unless  there  are  one  or  more  hydroxyl  groups  substituted 
in  the  ring. 

None  of  the  compounds, 


Br  Br 


C02H 


H2  N02 


0SH 


r  Br 


n 

V 


Br  Br  Br 

gave  more  than  two  per  cent  yields  of  the  corresponding  ester. 

002H 
/  \co2H 


CO2H 


C02H 


yields  the  neutral  ester- 


Even  with  long  heating 


CO2H 
C02H 


a£!02H 
/  \  CO2H 


CO2H 
Vo3H 


would  not  esterify. 
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A  strong  argument  for  the  steric  hindrance  idea  is  found  in  ' 
the  action  of  substituted  acids  with  the  carboxyl  removed  from 
the  ring  by  at  least  one  carbon  atom.    It  was  found  that 

A  is  much  more  readily  esterified  than  is  benzoic 


Wegscheider  (5)  tried  to  esterify  2,4,6, tribrom  benzoic  acid 
by  heating  2  grams  with  25cc.  methyl  alcohol  and  1.75cc.  con- 
centrated sulphuric  acid  for  4  1/4  hours.  After  standing  20 
hours  longer  at  room  temperature  no  ester  had  formed.  He  repeat- 
ed the  experiment,  using  20cc.  concentrated  sulphuric.  After 
heating  4  l/4  hours  and  then  letting  stand  13  l/2  hours  at  room 
temperature,  he  obtained  a  twelve  per  cent  yield  of  the  ester. 
This  method  was  of  course  much  more  violent  than  that  laid  down 
by  Victor  Meyer. 

One  of  the  most  antagonistic  critics  of  Meyer's  steric  hind- 
rance idea  is  M.A.Rosanof f . (6)  He  and  his  co-workers  carried  out 
several  esterif ication  experiments  in  which  the  acid  was  heated 
with  the  alcohol  in  a  sealed  tube  without  the  addition  of  any 
mineral  acid.  Most  of  the  trials  were  made  at  the  temperature  of 
boiling  aniline,  and  for  a  much  longer  time  than  is  ordinarily 
employed  for  esterif icaticn  work. 


hydrogen  atoms  themselves  exert  a  hindering 


acid  itself,  seeming  to  indicate  that  the  ortho 


effect. 


C02H 


Br 


Br 


Br 


Q02H 


Clf  NCI 


CI 

C02H 


V 


N0< 


was  heated  for  100  hours  at  216* with  20  parts  of 
absolute  alcohol,  giving  100$  ester* 


gave  73$  ester  in  97  hours  at  183* 


91.5$  neutral  ester  in  63  hours  at  183* 


C02H 
C02H  /\g02H 

C02H  I  lc02H 
C02H 

CH3 
CHg  0  C02H 


Br 


Br 


V 

Br 


60.5$  hexa  ester  in  96  hours  at  183*  . 


89$  ester  in  63  hours  at  89°  . 


gave  the  ester  when  heated  for  a  long  time  in 
an  open  vessel. 


The  speed  of  esterif ication  of  several  acids  was  determined 
at  the  temperature  of  boiling  aniline,  and  the  velocity  constants 
computed. 


Acid 

Acetic 

Trichlor  benzoic  2,4,6. 
Tribrom  benzoic  2,4,6. 

■  •  2,3,5. 

■  "  3,4,5. 
Benzoic 


Equilibrium  K     Velocity  k 


4.0 
.105 
.42 
•  12 
.30 
.40 


.00061 

.31 

.088 

.37 

.90 

.63 


From  these  results  Rosanoff  came  to  the  conclusion  that  wdi- 
ortho-substituted  aromatic  acids,  which  are  generally  assumed  to 
be  unesterif iable,  can  be  esterified  quantitatively  at  higher 
temperatures,  or  even,by  prolonged  warming,  at  the  temperature  of 
the  water-bath.  The  esterif ication  law  assumes  the  following  form; 
Aromatic  acids  with  one  or  both  positions  next  to  the  carboxyl 
occupied  by  substituting  groups,  combine  with  alcohols  more  slow- 
ly, though  to  no  less  extent,  than  acids  otherwise  substituted". 
He  further  concludes  that  the  steric  hindrance  idea  is  untenable, 
but  that  the  effect  ascribed  to  it  is  more  probably  due  to  some 
condition  of  strain  existing  in  the  molecule. 

W.L.Prager  followed  the  same  method  which  Rosanoff  employed, 
and  determined  the  velocity  constants  for  several  substituted 
acetic  acids.  (7). 


Acid 

Electrolytic  Diss.K. 

k 

Temp. 

Acetic 

.00180 

1.45 

183 

Propionic 

.00134 

0.95 

it 

Isobutyric 

.00144 

1.07 

ti 

Trimethyl  acetic 

.000978 

0.18 

0 

Monochlor  acetic 

.155 

2.46 

80 

Dichlor  acetic 

5.14 

6.38 

i 

Trichlor  acetic 

121.0 

12.0 

■ 

From  these  results  he  concluded,  similarly  to  Rosanoff,  that 
the  steric  hindra-nce  is  untenable. 

He  attempted  a  separation  of  benzoic  and  anthranilic  acids  by 
esterifying  the  mixture.  He  first  let  10  grams  benzoic  in  200cc. 
absolute  alcohol  containing  3  per  cent  hydrochloric  acid  stand 
at  ordinary  temperature  for  23  days,  and  obtained  an  86.5  per  cent 
yield  of  ester.  ^Then  treated  in  a  similar  manner,  10  grams  of  an- 
thranilic did  not  yield  any  ester.  A  mixture  of  10  grams  of  each 
in  400oc.  alcohol  gave  over  6  grams  pure  ethyl  benzoate.  His  con- 
clusion was  that  the  method  permits  of  separating  mono-ortho-sub- 
stituted  acids  from  other  acids,  though  he  does  not  believe  the 
effect  is  due  to  steric  hindrance. 

One  of  the  strongest  exceptions  to  the  rule  laid  down  by  V. 
Meyer  is  the  result  obtained  by  Graebe,  (8)  when  he  let  3,6,dichlor 
phthalic  1,2,  stand  at  room  temperature  for  12  hours  in  contact 
with  10  parts  of  ethyl  alcohol  saturated  with  hydrochloric  acid. 
He  obtained  an  almost  quantitative  yield  of  the  acid  ester.  He 
repeated,  but  boiled  the  mixture  for  seven  hours,  passing  in 
hydrochloric  acid.  A  16  per  cent  yield  of  the  neutral  eeter  was 
obtained  in  this  way. 

The  object  of  this  work  is  to  prepare 


and  to  study  its  ionization  constant  and  speed  of  esterif ication. 

In  preps-ring  the  dihydro-neighboring-xylic  acid  the  method  is, 
in  essence,  that  employed  by  W.A.Noyes  (9) through  the  following 
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series  of  compounds: 
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V 
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CH3  CH3 
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CH3  OH3 
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A 
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CH3  CH3 
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CO3H 
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V 

H2 


CH3 
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II.  EXPERIMENTAL 

Preparation  of  Mesitylene 
180  grams  (228cc)  of  acetone  are  placed  in  a  jar  surrounded 
by  ice  and  hydrochloric  acid  freezing-mixture,  and  300  grams  (165 
oc)  of  concentrated  sulphuric  acid  are  then  added  a  little  at  a 
time.  The  mixture  is  stirred  mechanically,  the  temperature  being 
held  below  20°  After  a;;  of  the  sulphuric  has  been  added,  the 
solution  is  allowed  to  stand  for  16-20  hours  or  longer.  It  is 
then  heated  with  a  free  flame  so  that  the  reaction  starts  in  15 
minutes.  After  three  or  four  minutes,  the  receiver  is  changed, 
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and  the  flame  removed.  A  moderately  rapid  current  of  steam  is 
then  led  in,  and  the  distillation  continued  until  about  200cc . 
have  come  over.  The  oily  layer  from  the  second  distillate  is  re- 
distilled with  steam,  all  of  the  mesitylene  coming  over  in  about 
800cc.  of  distillate.  The  two  portions  of  oil  are  mixed,  washed 
with  sodium  hydroxide  solution,  dried  over  calcium  chloride,  and 
distilled.  The  portion  coming  over  at  15C£-200*  is  redistilled,  the 
part  boiling  at  163-170° being  pure  enough  for  the  further  prepar- 
ation work. 

In  an  attempt  to  increase  the  yield,  the  acetone  ;7as  added  to 
the  sulphuric,  but  the  yield  was  no  better. 

It  was  found  that  if  the  flame  is  not  removed  before  passing 
in  the  steam,  the  yield  is  greatly  diminished. 

The  average  yield  is  about  14  per  cent  of  the  theoretical, 
considering  the  fraction  163-170*. 

Preparation  of  Ace tomes itylene 
Fifty  grams  of  mesitylene  are  placed  in  a  liter  flask  with 
200cc.  dry  carbon  disulphide  and  125  grams  of  freshly  distilled 
acetyl  chloride.    With  shaking,  50  grams  of  powdered  aluminium 
chloride  are  added  in  small  portions  in  the  course  of  about  an 
hour.  The  carbon  disulphide  is  then  quickly  distilled  off,  and 
the  mixture  poured,  with  stirring,  into  cracked  ice.  The  ketone  is 
extracted  with  ether.  The  residue  from  distilling  off  the  ether 
is  dried  over  calcium  chloride,  and  fractioned  under  diminished 
pressure,  the  portion  distilling  at  122-125*  at  20mm.  being  kept. 

If,  in  removing  the  carbon  disulphide,  the  mixture  is  heated 
too  highly,  the  yield  is  almost  entirely  lost,  going  to  a  tar- like 
product. 
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The  average  yield  from  100  grams  of  meeitylene  is  about  110 
grams. 

At  760mm.  acetomesitylene  boils  at  340-34 l\ 

Oxidation  of  Acetomesitylene 

20  grams  of  acetomesitylene  are  placed  in  a  jar  with  6  grams 
of  sodium  hydroxide  in  60cc.of  water.  To  this  are  added  40  grams 
of  potassium  permanganate  and  400cc.  water.  The  method  which  gave 
the  best  results  is  to  add  the  water  to  the  alkaline  mixture,  and 
add  the  solid  permanganate  in  small  portions.  The  mixture  is  stir- 
red mechanically,  being  kept  cooled  below  40°by  tap-water.  After 
all  of  the  permanganate  has  been  added,  the  mixture  is  transferred 
to  a  two-liter  flask,  and  heated  on  the  steam-bath  until  reduction 
of  the  permanganate  is  complete.  At  this  stage  the  material  is 
chiefly  mesitylglyoxalic  acid. 

lOOcc.  dilute  sulphuric  acid  (25$)  are  then  carefully  added, 
and  the  heating  continued  for  about  thirty  minutes,  the  mesityl- 
glyoxalic being  in  this  way  converted  to  trimethylbenzoic . 

After  cooling,  32  grams  of  sodium  hydroxide  are  added,  and 
then  51.5  grams  of  potassium  permanganate  and  500cc.  water.  The 
water  and  permanganate  are  added  and  the  mixture  stirred  as  above. 
The  permanganate  is  added  in  two  portions  at  intervals  of  about 
an  hour.  After  stirring  for  2  l/2  hours,  the  solution  is  transfer- 
red to  a  large  flask,  and  heated  on  the  steam-bath  until  the  per- 
manganate has  been  completely  reduced.  The  solution  now  contains 
dimethylterephthalic  acid. 

300cc.  dilute  sulphuric  acid  are  added,  the  solution  is  heated 
for  about  fifteen  minutes,  cooled,  and  sodium  bisulphite  added  to 
destroy  the  oxides  of  manganese.  The  solution  is  cooled  and  the 


aoid  filtered  off  with  suction.  It  is  dissolved  in  ammonia, and 
the  solution  extracted  with  ether  to  remove  some  indifferent  sub- 
stance which  is  always  formed.  The  pure  dimethylterephthalic  is 
obtained  by  adding  sulphuric  acid  to  the  ammoniacal  solution • 

The  acid  is  a  white  solid  which  melts  at  397-8°. 

It  is  only  very  slightly  soluble  in  ether,  and  insoluble  in 
both  hot  and  cold  chloroform. 

Esterif ication  of  Dimethylterephthalic  Acid 

50  grams  of  the  acid  are  placed  in  a  flask  of  about  400cc. 
capacity,  and  dissolved  in  250cc.  of  absolute  methyl  alcohol. 
8  grams  of  dry  hydrochloric  acid  are  passed  in,  and  the  solution 
refluxed  for  five  hours.  The  excess  alcohol  is  then  distilled  off 
until  bumping  begins.  The  residue  is  poured,  with  constant  stir- 
ring, into  a  porcelain  dish  which  is  heated  on  the  steam-bath.  In 
this  way  the  alcohol  is  completely  removed. 

Titration  with  standard  alkali  shows  a  yield  of  97  per  cent  of 
the  aoid  ester.  The  carboxyl  which  is  protected  by  the  methyl 
groups  is  not  esterif led. 

The  ester  is  a  white  solid  which  melts  at  189-90°. 

It  is  moderately  soluble  in  hot  ether,  alcohol,  boiling  benzene, 
and  glacial  acetic,  but  insoluble  in  cold  benzene,  and  only  slight- 
ly soluble  in  cold  ether. 

Preparation  of  the  Amide 
The  method  which  was  first  used  did  not  prove  satisfactory. 
The  pulverized  residue  from  the  preceding  step  was  dissolved  in 
80cc.  10$  ammonia,  the  solution  extracted  with  ether,  filtered, 
and  the  ether  removed  by  evacuating  in  a  dessicator.  The  solution 
was  nearly  saturated  with  ammonia  gas,  and  allowed  to  stand  at 


at  30-40* for  three  or  four  days.  The  ammonium  salt  of  the  amide 
whioh  had  crystallized  out  was  filtered  off,   -/ashed  with  a  small 
quantity  of  strong  ammonia,  dissolved  in  water,  and  the  amide  pre- 
cipitated with  hydrochloric  acid. 

The  method  whioh  was  finally  used  was  slightly  different  from 
the  above.  The  ester  is  dissolved  in  70cc.  3trong  ammonia  in  a 
pressure  "bottle,  and  the  solution  saturated  with  ammonia  gas*  It 
is  allowed  to  stand  near  the  steam-bath  for  a  few  days,  the  ammon- 
ium salt  of  the  amide  crystallizing  out.  The  amide  is  obtained 
from  the  salt  as  above.  It  is  purified  by  dissolving  in  methyl  al- 
cohol and  precipitating  with  water,  or  by  dissolving  in  hot  water 
from  which  it  crystallizes  on  cooling.  The  precipitate  is  then 
washed  with  ether. 

The  amide  is  a  white  solid  which  melts  at  248. 

Preparation  of  the  Amino  Acid 

3.86  grams  of  the  amide  were  added    to  45cc .  ice-cold  sodium 
hydroxide  solution  (10$),  and  rubbed  in  a  mortar.  A  solution  of 
3.2  grams  of  bromine  in  25cc.  sodium  hydroxide  solution  was  added, 
and  the  whole  kept  cold.  A  little  undissolved  amide  was  filtered 
off,  and  the  filtrate  quickly  heated  to  near  the  boiling  point  in 
the  steam-bath.  After  cooling,  38cc.  dilute  hydrochloric  acid  (25$) 
were  added,  and  the  solution  extracted  with  ether.  The  addition  of 
15  grams  of  crystallized  sodium  acetate  caused  the  amino  acid  to 
separate  out  slowly  in  a  pure  crystalline  condition.  A  small  addi- 
tional amount  was  obtained  by  evaporating;  the  filtrate  under  di- 
minished pressure. 

A  satisfactory  yield  could  not  be  obtained  in  this  way,  so 
several  modifications  were  tried  out.  The  first  was  to  let  the 


mixture  stand  for  five  hours  without  heating  at  all.  Only  1.4 
grams  were  obtained  in  this  manner. 

The  next  change  was  to  add  the  bromine  and  the  amide  to  the 
alkali  at  the  same  time.  21cc.  sodium  hydroxide  (5$)  were  cooled 
in  a  mortar  surrounded  by  freezing-mixture.  One  cubic  centimeter 
of  bromine  was  added  without  stirring,  and  the  amide  ground  in. 
To  the  solid  mass  were  added  30cc.  sodium  hydroxide  (10$)  which 
had  been  cooled.  After  standingfor  an  hour,  the  solution  was  quick- 
ly heated  on  the  steam-bath,  and  treated  as  above.  The  product 
obtained  in  this  way  was  pink  and  melted  too  low  to  be  the  amino 
acid. 

A  repetition,  using  5$  sodium  hydroxide  instead  of  10$,  gave 
an  amount  of  product  corresponding  to  93$  theoretical,  but  which, 
when  washed  with  ether,  melted  at  250-260*  and  when  dissolved 
and  reprecipitated,  melted  at  260!  It  was  pink. 

A  qualitative  analysis  of  the  pink  substance  indicated  that 
it  might  be  the  hydrochloride  of  the  amino  acid.  This  supposition 
was  confirmed  by  a  careful  quantitative  analysis. by  means  of  silver 
chloride  precipitation. 

It  was  decided  to  prepare  this  salt  instead  of  the  free  acid 
since  yields  of  over  90$  could  be  obtained.  However  it  did  not 
give  good  results  in  the  next  step,  so  more  work  was  done  in  try- 
ing to  get  a  good  preparation  of  the  amino  acid  itself. 

The  following  is  the  method  which  was  finally  used.  One  cubic 
centimeter  of  bromine  is  added, without  mixing,  to  Slcc.  sodium 
hydroxide  (10$)  solution  which  has  been  cooled  to  -5° in  a  mortar. 
The  amide  is  chilled,  and  ground  into  the  solution  in  such  a  way 
as  to  bring  it  into  contact  witn  tne  oromme,  but  not  to  permit 
of  the  escape  of  a  great  amount  of  the  bromine,  of  which  a  small 


amount  ie  unavoidably  lost.  To  the  yellow  mass  in  the  mortar  AO 
are  added  20cc.  cold  sodium  hydroxide  solution  (10$) ,  and  the  mixt- 
ure is  allowed  to  stand  at  room-temperature  for  about  an  hour,  in 
which  time  it  sometimes  darkens  a  little.  Three  cubic  centimeters 
of  sodium  hydroxide  (30$)  are  added.  Then  about  a  quarter  of  a 
gram  of  sodium  bisulphite  is  added,  and  the  solution  heated  in 
boiling  water  for  twenty  minutes.  After  ceding  and  filtering, 
hydrochloric  is  added  until  effervescence  becomes  active.  Glacial 
acetic  is  then  added  till  precipitation  is  complete.  Yields  of 
amino  acid  of  from  75  to  80  per  cent  are  obtained  in  this  way. 

The  acid  often  has  a  pale  tan  color  even  when  it  melts  sharply, 
but  is  generally  slightly  yellow.  It  melts  with  sharp  decomposition 
at 

It  is  insoluble  in  ether  or  chloroform,  but  is  soluble  in 
water,  alcohol,  acid,  or  alkali. 

Boiling  in  acid  solution  under  atmospheric  pressure  causes 
complete  decomposition. 

Preparation  of  the  Iodo  Acid 
6.6  grams  of  the  amino  acid  are  dissolved  in  50cc .  dilute 
sulphuric  (35$)  with  gentle  warming.  This  is  cooled  in  ice-water, 
the  sulphate  precipitating  out.  3.3  grams  of  sodium  nitrite  in 
I5cc.  water  are  added  in  small  portions,  yielding  a  clear  solution 
which  turns  from  red  to  orange.  This  solution  is  poured  into  a 
liter  flask  containing  20  grams  of  potassium  iodide  dissolved  in 
50cc.  dilute  sulphuric  (25$).  It  is  necessary  to  warm  the  sulphur- 
ic slightly  in  order  to  get  the  iodide  into  solution.  It  is  not 
necessary  to  cool  it  before  adding  the  diazonium  mixture.  The  mix- 
ture is  shaken  for  some  time,  and  then  warmed  on  the  steam-bath 


until  the  evolution  of  nitrogen  ceases.  Iodine  separates  out 
and  escapes.  What  is  left  is  destroyed  by  cooling  and  adding  sod- 
ium bisulphite.  The  iodo  acid  is  then  filtered  off,  washed,  and 
dried. 

In  the  first  attempts,  the  solution  of  iodide  in  sulphuric  was 
added  to  the  diazonium  mixture  instead  of  the  reverse.  The  results 
were  very  poor  this  way. 

Preparation  of  Xylic  Acid 

The  iodo  acid  is  dissolved  in  strong  ammonia,  and  zinc  dust 
is  added.  It  is  allowed  to  stand  for  several  hours  near  the  steam- 
bath.  The  mixture  is  shaken  occasionally,  and  more  zinc  added.  It 
is  filtered,  and  the  filtrate  extracted  with  ether,  after  which 
hydrochloric  is  added,  and  the  acid  extracted  with  ether.  Steam 
distillation  did  not  give  a  gcod  separation  here.  The  residue 
from  the  ether  extract  is  then  distilled  at  15mm., coming  over  be- 
tween 150* and  160°.  This  distillate  is  dissolved  in  boiling  ligroin, 
from  which  it  crystallizes  in  fine  needles. 

It  melts  sharply  at  116*. 

Reduction  of  the  Xylic  Acid 
The  first  method  employed  was  a  reduction  with  amyl  alcohol 
and  sodium,  by  which  it  was  expected  to  obtain  the  hexahydro  acid 
directly.  Five  grams  of  xylic  acid  were  dissolved  in  20  grams  of 
dry  amyl  alcohol,  and  10  grams  of  sodium  added  in  small  portions 
to  the  boiling  solution  through  a  reflux  condenser.  More  amyl  al- 
cohol was  added  from  time  to  time  so  as  to  prevent  crust-formation 
on  the  sodium.  When  all  of  the  sodium  had  been  used  up,  the  solu- 
tion was  cooled  slightly,  and  water  added.  The  alcohol  was  distil- 
led off  with  steam,  and  the  residue  acidified  with  sulphuric,  and 


extracted  with  ether.  The  ether  was  removed  by  heating  under 
reduced  pressure,  and  the  residual  acid  again  reduced  with  sodium 
and  amyl  alcohol.  In  all,  the  acid  was  reduced  three  times  as  a- 
bove.  After  the  third  reduction,  the  residue  from  distilling  the 
alcohol  with  steam  was  acidified  a  before,  and  then  made  alkaline 
with  sodium  carbonate.  The  solution  was  cooled  in  ice,  and  potass- 
ium permanganate  solution  added  to  a  permanent  pink.  This  treat- 
ment was  to  destroy  any  unsaturated  acids  which  might  be  present. 
The  oxides  of  manganese  were  destroyed  with  bisulphite,  after  the 
solution  had  been  acidified  with  sulphuric.  The  acid  was  distilled 
with  steam,  separating  from  the  distillate  as  a  white  solid.  A 
little  more  was  obtained  by  extracting  the  filtrate  with  ether. 
The  yield  was  less  than  half  a  gram,  and  did  not  melt  sharply. 

A  second  attempt  was  made,  but  did  not  give  much  better  results 
as  the  yield  seemed  to  go  mostly  to  unsaturated  products.  Even  in 
freezing  mixture,  a  great  deal  of  permanganate  was  reduced. 

The  next  trial  was  with  six  grams  of  xylic  acid.  This  quantity 
was  reduced  three  times  with  amyl  alcohol  and  sodium.  The  alkaline 
solution  was  extracted  with  ether,  and  then  acidified,  and  again 
extracted  with  ether.  The  residue,  after  removing  the  ether,  was 
a  brown  oil  with  a  disagreeable  odor.  It  weighed  5.8  grams.  An  at- 
tempt was  made  to  fractionate  it, but  it  all  came  over  at  145-6*.at 
15mm.  Thinking  that  it  might  contain  some  of  the  tetrahydro  acid 
with  the  double  union  in  the  3,3  position,  it  was  boiled  for  an 
hour  with  potassium  hydroxide  solution  (30$).  Four  grams  of  oil 
which  boiled  over  a  range  of  thirty  degrees  was  obtained  after 
acidifying  and  extracting. 

This  oil  was  heated  in  a  sealed  tube  in  the  steam-bath  with 
lOgrams  hydrobromic  acid  (sp.g.1.78)  for  fourteen  hours.  The 


resulting  mixture  was  cooled  and  extracted  with  ether,  and  the 
ether  evaporated  off.  The  residue  was  dissolved  in  sodium  carbon- 
ate solution,  and  then  extracted  with  ether  to  remove  a  little  in- 
different material.  The  alkaline  solution  was  then  treated  with 
sodium  amalgam  according  to  the  method  of  Aschan  (10).  It  was  cool- 
ed in  ice,  and  then  75  grams  of  amalgam  (3.5$)  added,  and  carbon- 
dioxide  passed  in.  After  three  hours  230  grams  of  amalgam  were 
added  and  carbon  dioxide  passed  through  for  36  hours.  The  mercury 
was  poured  off,  and  the  solution  acidified  and  filtered.  When  dis- 
solved in  alkali,  the  precipitate  did  not  yield  any  extract  with 
ether. 

This  acid  weighed  2.5  grams,  and  melted  at  70-3°.  It  was  dis- 
solved in  sodium  carbonate  and  treated  cold  with  permanganate. 
There  was  only  a  slight  reduction.  The  acid  is  a  finely  crystalline 
white  solid  which  melts  at  69.4*.  It  does  not  have  any  appreciable 
odor.  The  final  product  weighed  2.33  grams. 
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